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(54) Thin-film vapor deposition apparatus 

(57) A thin-film vapor deposition apparatus has a 
reaction chamber for holding therein a substrate in an 
atnrK)sphere isolated from an ambient atmosphere. For 
depositing a thin film on the substrate, the temperature 
of an inner wall of tine reaction chamber is adjusted to 
control the temperature of the atmosphere in the reac- 
tion chamber, and the temperature of the substrate is 
also adjusted independently of the temperature of the 
atnnosphere in tiie reaction chamber, while the sub- 
strate is being rotated at a high speed in tiie reaction 
chamber. Reactant gases required to deposit a thin film 
on the substrate are ejected from a reactant gas ejector 
head toward the substrate in the reaction chamber. 
Remaining and excessive gases are discharged out of 
the reaction charrdser. 
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Description 

BACKGROUND OF THE INVENTION 

Field o1 the Invention: s 

The present invention relates to a thin-film vapor 
deposition apparatus, and more particularly to a thin- 
film vapor deposition apparatus suitable for depositing 
in a vapor or gas phase a thin film of a high dielectric 10 
constant such as of barium/strontium titanate. 

Description of the Prior Art: 

Recent years have seen growing efforts in the sem- 15 
iconductor industry to increase the degree of integration 
of integrated circuits. Such efforts are directed to, 
among others, the research and development of 
DRAMs (Dynamic Random-Access Memories) ranging 
from present megabit storage capabilities to future giga- 20 
bit storage capabilities. For producing such DRAMs. it is 
necessary to provide devices having large storage 
capabilities. In an attempt to produce dielectric thin films 
for use in such large storage capability devices, 
researchers have been shifting their attention from sili- 25 
con oxide films and silicon nitride films whose dielectric 
constants are 10 or less to more promising thin film 
metal oxide materials including tantalum pentoxide 
(Ta205] whose dielectric constant is about 20. and fc>ar- 
ium titanate (BaTiOa), strontium titanate (SrTiOa), and 30 
their mixture of k)arium/strontium titanate whose dielec- 
tric constants are about 300. 

However, the vapor deposition of a thin film of such 
a high dielectric constant material suffers a manufactur- 
ing problem in that the rate of film deposition is lower 35 
than that of conventional thin films. Japanese laid-open 
patent publication No. 7-58036 discloses a thin-film 
vapor deposition apparatus which has been proposed 
to solve such a prok^lem. The disclosed thin-film vapor 
deposition apparatus has a reaction chamber which 40 
develops therein an atmosphere different from the 
ambient atmosphere, a susceptor rotatably disposed in 
the reaction chamber for supporting a substrate on 
which a thin film will be formed, a levitating mechanism 
having a magnetic bearing for lifting the susceptor, and 45 
an actuator mechanism for rotating the susceptor at 
high speed. The susceptor is levitated by the levitating 
mechanism with the magnetic bearing. Since no con- 
tact-type bearing is used to support the susceptor, the 
rotational speed of the susceptor can be increased so 
freely insofar as it is permitted by the strength of the 
susceptor to withstand centrifugal forces applied 
thereto. The susceptor is specifically rotatably sup- 
ported by a motor, which is combined with magnetic 
bearings, having a solid rotor. The susceptor has a 55 
heater and a chuck mechanism, and also includes a slip 
ring for supplying electric energy thereto. 

The vapor deposition of a thin film of a high dielec- 
tric constant material is characterized in that a material 
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gas in a vapor phase should be kept in a very narrow, 
high temperature range. When the above conventional 
thin-film vapor deposition apparatus is employed to 
deposit a thin film of a high dielectric constant material, 
if there are undue temperature irregularities in the reac- 
tion chamber, then the material tends to be separated 
out, contaminating the reaction chamber, or resulting in 
an wasteful consumption of the material and a lowered 
yield. 

Furthermore, since the susceptor and the heater 
rotate integrally with each other, the motor is subject to 
a large load and cannot easily be controlled. The heater 
is apt to deteriorate soon and its maintenance cycle is 
short because the heater Is exposed at all times to the 
atmosphere in the reaction chamber. The solid rotor is 
heavy for its required level of mechanical strength, and 
cannot easily be controlled because it is likely to vibrate 
in a certain vibration mode. Inasmuch as the slip ring for 
supplying electric energy is liable to wear quickly, it 
tends to cause a feilure and make the supply of electric 
energy unstable. 

In the conventional thin-film vapor deposition appa- 
ratus, the temperature of the atmosphere in the reaction 
chamber and the temperature of the substrate have to 
be strictly controlled separately from each other Since 
the reaction chamber incorporates temperature control 
means for separately controlling the temperatures, the 
reaction chamber is relatively complex in structure, 
leaving a comparatively low degree of freedom as to the 
designing of a feed path for loading and unloading sub- 
strates and a robot arm for guiding a substrate through 
the feed path to place the substrate on or remove the 
substrate from the susceptor. 

In the conventional thin^ilm vapor deposition appa- 
ratus, furthermore, because the substrate is heated 
through the susceptor, the temperature of the substrate 
cannot quickly be changed. Consequently, even when 
the temperature of the substrate is detected as being 
improper, the temperature of the substrate cannot 
quickly be controlled at its appropriate value. As a 
result, desirable reactive conditions may not be estab- 
lished. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a thin-film vapor deposition apparatus which is 
capable of depositing a high-quality thin film of a high 
dielectric constant material efficiently under stable tem- 
perature and operating conditions. 

Another object of the present invention is to provide 
a thin-film vapor deposition apparatus which is capable 
of depositing a thin film of a high dielectric constant 
material under stable conditions and also of easily tak- 
ing a substrate into and out of a reaction chamber for 
efficient film deposition operation. 

Still another object of the present invention is to 
provide a thin-film vapor deposition apparatus which is 
capable of quickly controlling the temperature of a sub- 
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strate for depositing a thin film of a higti dielectric con- 
stant material under desirable conditions. 

According to a first aspect of the present invention, 
there is provided a thin-film vapor deposition apparatus 
comprising a reaction chamb^ for holding therein a 
sut>strate in an atmosphere isolated from an ambient 
atmosphere, reaction chamber temperature control 
means for adjusting the temperature of an inner wall of 
said reaction chamber to control the temperature of the 
atmosphere in the reaction chamt>er, substrate rotating 
means for rotating the substrate at a high speed in said 
reaction chamber, substrate temperature control means 
for controlling the temperature of the substrate, reactant 
gas supply means for ejecting reactant gases required 
to deposit a thin film on the substrate toward the sub- 
strate, and discharge means for discharging gases out 
of said reaction chamk^er While the temperature of the 
atmosphere in the reaction chamber is being controlled 
by the reaction chamber temperature control means 
and also the tenperature of the substrate is being con- 
trolled by the substrate temperature control means, the 
substrate is rotated at a high speed by the substrate 
rotating means, and the reactant gases are ejected 
toward the substrate. Therefore, a high-quality thin film 
of a high dielectric constant material can smoothly and 
accurately be deposited on the substrate though such a 
high dielectric constant material in a vapor phase needs 
to be kept in a very narrow temperature range and the 
gases react in a narrow temperature range. 

In the first aspect of the present invention, the sub- 
strate rotating means comprises a motor combined with 
magnetic bearings, said motor comprising a stator and 
a hollow rotor rotatably disposed in said stator and hav- 
ing an end projecting into said reaction chamber, further 
comprising substrate support means mounted on said 
end of the rotor for supporting the substrate. The motor 
combined with magnetic bearings is effective to mag- 
netically levitate the substrate support means for allow- 
ing the substrate to rotate smoothly at high speed. 
Since the rotor is hollow, the load on the motor is mini- 
mal, and the rotor can easily be controlled as to its posi- 
tion, attitude, and rotational speed. 

In the first aspect of the present invention, the sub- 
strate temperature control means comprises a column 
extending through said hollow rotor and a heater 
mounted on an end of said column in confronting rela- 
tionship to the substrate. The heater and a temperature 
sensor therefor are mounted on the end of the column 
which extends through the hollow rotor. Therefore, the 
heater and the temperature sensor are separate from 
the substrate rotating means, and are not required to 
rotate in unison with the substrate. In addition, the 
heater and the temperature sensor may be sealed in a 
space below the substrate for minimized exposure to 
the atmosphere in the reaction chancer. 

In the first aspect of the present invention, said sub- 
strate support means comprises means for supporting 
the substrate while at least a portion of a reverse side of 
the substrate remote from said reactant gas supply 



means is being exposed. The reverse side of the sub- 
strate is exposed to the heater and can directly be 
heated by the heater. Therefore, the tenperature of the 
substrate can accurately be controlled. 

5 According to a second aspect of the present inven- 
tion, there is provided a thin-film vapor deposition appa- 
ratus comprising a reaction chamber for holding therein 
a sutDStrate in an atmosphere isolated from an ambient 
atmo^here, a substrate support member for support- 

10 ing the substrate in said reaction chamber, reactant gas 
supply means for ejecting reactant gases required to 
dq^osit a thin film on the substrate toward the substrate, 
discharge means for discharging gases out of said reac- 
tion chamber, substrate rotating means for rotating the 

15 substrate at a high speed in said reaction chamber, said 
substrate rotating means having a hollow rotor, and a 
substrate pusher member disposed in confronting rela- 
tion to a reverse side of the substrate remote from said 
reactant gas supply means, for pushing the substrate off 

20 said substrate support member. While the substrate is 
being supported by the substrate support member in 
the reaction chamber whose atmosphere is isolated 
from an ambient atmosphere and being rotated by the 
substrate rotating means having the hollow rotor, the 

25 reactant gases are ejected toward the substrate by the 
reactant gas supply means to deposit a thin film on the 
substrate. Remaining or by-product gases are dis- 
charged from the reaction chamber by the discharge 
means. After the reaction, the substrate pusher member 

30 lifts the substrate off the substrate support member. 
Then, a robot arm is inserted between the substrate and 
the substrate support member, and carries the sub- 
strate out of the reaction chamber. For placing a new 
substrate in the reaction chamber, the robot arm with 

35 the new sut>strate carried thereon moves to a position 
above tiie sut>strate support member, and the substrate 
pusher member is lifted to receive the new substrate 
from the robot arm. Thereafter, the substrate pusher 
member is lowered to put the substrate on tiie substrate 

40 support member. 

In the second aspect of the present invention, the 
thin-film vapor deposition apparatus further comprises a 
coupling extending through said hollow rotor, said sub- 
strate pusher member being supported on an inner end 

45 of said coupling within said reaction chamber, and an 
actuating mechanism mounted on an outer end of said 
coupling outside of said reaction chamber for vertically 
moving said coupling. The substrate pusher member is 
connected through the hollow rotor to the actuating 

so mechanism, which actuates the substrate pusher mem- 
ber. 

In the second aspect of the present invention, the 
thin-film vapor deposition apparatus further comprises a 
heater disposed in confronting relation to said reverse 
55 side of the substrate, io^ heating the substrate. The 
heater disposed in confronting relation to said reverse 
side of the sut>stirate directiy heats the substrate. Since 
heater is disposed in confronting relation to said reverse 
side of the sut>strate, the heater is not exposed to the 
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reaction which is taking place on the other side of the 
substrate. 

In the second aspect of the present Invention, the 
heater and said substrate pusher member are con- 
nected for vertical movement in unison with each other, s 
Because the heater and said substrate pusher member 
are vertically movable in unison with each other their 
structure is relatively simple and they can be moved by 
a simple mechanism. 

In the second aspect of the present invention, the 10 
actuating mechanism comprises a feed screw mecha- 
nism. The feed screw mechanism allows a relatively 
small actuator to move the coupling smoothly and relia- 
bly. The feed screw mechanism may be replaced with a 
ball screw mechanism. is 

In the second aspect of the present invention, the 
actuating mechanism includes a covering member cov- 
ering said coupling and flexible upon vertical movement 
of said coupling, said covering member isolating a 
space communicating with said reaction chamber from 20 
the anrrbient atmosphere. When the coupling is vertically 
moved, the covering member flexes while covering the 
coupling and isolating the space communicating with 
said reaction chamber from the ambient atmosphere. 
The covering mennber may comprise a bellows or the 2s 
like. 

According to a third aspect of the present invention, 
there is provided a thin-film vapor deposition apparatus 
comprising a reaction chamber for holding therein a 
substrate in an atmosphere isolated from an ambient 30 
atmosphere, a substrate support member for support- 
ing the substrate in said reaction chamber, reactant gas 
supply means for ejecting reactant gases required to 
deposit a thin film on the substrate toward the substrate, 
discharge means for discharging gases out of said reac- 35 
tion chamber, substrate rotating means for rotating the 
substrate at a high speed in said reaction chamber, said 
substrate rotating means having a hollow rotor, and a 
heater moving mechanism for vertically moving the 
heater, said heater moving mechanism supporting said 40 
heater through said hollow rotor. While the substrate is 
being supported by the sufc)strate support member in 
the reaction chamber whose atmosphere is isolated 
from an ambient atmosphere and being rotated by the 
substrate rotating means having the hollow rotor, the 4S 
reactant gases are ejected toward the substrate by the 
reactant gas supply means to deposit a thin film on the 
substrate. Remaining or by-product gases are dis- 
charged from the reaction chamber by the discharge 
means. DeperKling on temperature conditions of the so 
substrate, the heater is vertically nnoved with respect to 
the substrate to quickly adjust the temperature of the 
substrate. 

In the third aspect of the present invention, the sub- 
strate support member comprises means for supporting ss 
the substrate while at least a portion of a reverse side of 
the sut)strate remote from said reactant gas supply 
means is being exposed. The reverse side of the sub- 
strate is exposed to the heater and can directly be 
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heated by the heater. Therefore, the temperature of the 
substrate can accurately be controlled. 

In the third aspect of the present invention, the 
heater moving mechanism comprises a feed screw 
mechanism. The feed screw mechanism allows a rela- 
tively small actuator to move the heater smoothly and 
reliably. 

In the third aspect of the present invention, the 
heater moving mechanism includes a covering member 
covering an opening between said hollow rotor and said 
heater moving mechanism flexible upon vertical move- 
ment of said heater, said covering member isolating a 
space in said hollow rotor from the ambient atmos- 
phere. The covering member is effective in isolating the 
space in the rotor from the ambient atmosphere, 
thereby keeping the atmosphere in the reaction cham- 
ber. 

In the third aspect of the present Invention, the thin- 
film vapor deposition apparatus further comprises reac- 
tion terr^erature adjusting means disposed in said 
reaction chamber for adjusting the tenrperature of an 
inner wall of the reaction chamber. In the reaction cham- 
ber, the reaction temperature adjusting means adjust 
the temperature of the inner wall of the reaction cham- 
ber to prevent an unwanted material from being sepa- 
rated from the reactant gases. 

The above and other objects, features, and advan- 
tages of the present invention will become apparent 
from the following description when taken in conjunction 
with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vertical cross-sectional view 
off a thin-film vapor deposition apparatus according 
to a first embodiment of the present invention: 
FIG. 2 is a t)lock diagram of the thin-film vapor dep- 
osition apparatus according to the first embodiment 
of the present invention; 

FIG. 3 is a schematic vertical cross-sectional view 
of a thin-film vapor deposition apparatus according 
to a second embodiment of the present invention; 
FIG. 4 is a schematic vertical cross-sectional view 
of a thin-film vapor deposition apparatus according 
to a third embodiment of the present invention; 
FIG. 5 is a horizontal cross-sectional view of the 
thin-film vapor deposition apparatus according to 
the third embodiment of the present invention; and 
FIG. 6 is a schematic vertical cross-sectional view 
of a thin-film vapor deposition apparatus according 
to a fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Like or corresponding parts are denoted by like or 
corresponding reference characters throughout views. 
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FIGS. 1 and 2 show a thin-film vapor deposition 
apparatus according to a first entxxiiment of the 
present invention. 

As shown in FIG. 1, the thin-film vapor deposition 
apparatus A^ has a reaction chamber 3 defined s 
between an inverted-cup shaped reactor 1 and a sup- 
port base 2 disposed underneath the reactor 1. The 
reaction chamber 3 is hermetically sealed and has a 
discharge port 4 for cfischarging produced gases from 
the reaction chamber 3. The discharge port 4 is con- 
nected to a gas discharger E (see FIG. 2). The reactor 
1 has a wall with a heat medium passage 5 defined 
therein for circulating a heat medium therethrough to 
keep the reactor wall and the reaction chamber 3 at a 
predetermined temperature. The heat medium passage 
5 is connected to a reaction chancer heating device F 
(see FIG. 2). The heat medium passage 5 has a ther- 
mocouple and a ffow regulating valve which are dis- 
posed therein. Based on a temperature measured by 
the thermocouple, the flow regulating valve is adjusted 
to control the rate of flow of the heat medium in the heat 
medium passage 5 for thereby keeping the reactor wall 
and the reaction chamber 3 at the predetermined tem- 
perature. 

A reactant gas ejector head 6 for ejecting a mixture 
of a material gas and an oxide gas into the reaction 
chamtDer 3 is mounted in the upper end of the reactor 1 . 
The reactant gas ejector head 6 is connected through 
gas inlet pipes 27 to a gas supply G (see FIG. 2). The 
support base 2 has a vertical sleeve 7 disposed around 
a central opening defined therein and projecting 
upwardly from the support base 2. The vertical sleeve 7 
also has a heat medium passage 5 defined therein for 
circulating a heat medium therethrough. The heat 
medium passage 5 is connected to a reaction chamber 
cooling device H (see FIG. 2). 

A susceptor (substrate stage) 8 for supporting a 
substrate S thereon is disposed in the vertical sleeve 7. 
The susceptor 8 comprises a hollow disk-shaped mem- 
ber made of a material whose thermal conductivity is 
not largely different from the thermal conductivity of the 
substrate S. The susceptor 8 has a recess 8a on its 
upper end for holding the edge of the substrate S. The 
susceptor 8 is rotatably supported by a motor 9. com- 
bined with magnetic bearings, disposed underneath the 
support base 2. 

The motor 9 is housed in a tubular casing 10 
attached to and projecting downwardly from a lower sur- 
face of the support base 2. The motor 9 comprises a 
vertical hollow central rotor 1 1 and a stator 12 located in 
the tubular casing 10 around the rotor 11. The rotor 1 1 
has a plurality of vertically spaced disks D of a magnetic 
material which project radially outwardly. The stator 12 
has a plurality of control coils C positioned in confront- 
ing relation to the respective disks D. The control coils C 
are supplied with a control current from a controller B 
(see FIG. 2). The motor 9 also has an upper radial n^g- 
netic t>earing 13. a motor unit 14. a lower radal mag- 
netic bearing 15. and an axial magnetic bearing 16. 



which are arranged successively downwardly in tiie 
order named. The motor 9 further includes sensors (not 
shown) disposed in respective positions for detecting a 
gap dimension and an angle of inclination, and an 
encoder 1 7 disposed in a lowermost position for detect- 
ing the rotational speed of the motor 9. Output signals 
from these sensors and the encoder 1 7 are supplied to 
tiie controller B. The rotor 1 1 projects upwardly into the 
reaction chamber 3 through the central opening in the 
support base 2. and has a susceptor table 20 on its 
upper end which comprises a horizontal bottom plate 1 8 
and a vertical cylindrical side wall 19 projecting 
upwardly from tiie horizontal bottom plate 18. 

The casing 10 has a bottom base 21 on its lower 
end. A vertical column 22 is mounted on the bottom 
base 21 and projects upwardly through tiie rotor 1 1 into 
the susceptor table 20. The vertical column 22 supports 
on its upper end a heater support 24 which supports a 
heater 23 beneath the substrate S. A thermocouple 25 
for measuring the temperature of the heater 23 is posi- 
tioned beneath the heater 23. The heater 23 and the 
thermocouple 25 are electrically connected to a sub- 
strate temperature controller 33 (see FIG. 2) through 
electric wires 26 which extend through the vertical col- 
umn 22. 

As shown in FIG. 2, a robot chamber 37 is con- 
nected through a gate valve 36 to the reaction chamber 
3, and a second chamber 39 is connected to the robot 
chamber 37 through a gate valve 38. The robot cham- 
ber 37 is combined with a substrate feed rokx)t 40 hav- 
ing an arm (not shown) which is linearly and angularly 
movable in the robot chamber 37 for gripping and feed- 
ing a substrate into and out of the reaction chamber 3. 

Operation of the tfiin-f ilm vapor deposition appara- 
tus A^ according to the first emtxxliment of the present 
invention will be desaibed below. 

Based on the temperature of the substrate S or tiie 
heater 23 which is measured by the thermocouple 25, 
the suk>strate temperature controller 33 controls the 
temperature of the substrate S at SSO^'C ± 1 %. for 
example. The heater 23. when energized, heats tiie 
lower surface of the substrate S by way of radiation. In 
order to control the temperature of reactant gases in tiie 
reaction chamber 3, the temperature and the rate of 
ffow of tiie heat medium flowing through the heat 
medium passage 5 in the reactor 1 are controlled by tiie 
reaction chamber heating device F. In this manner, the 
temperature of the inner wall of the reactor 1 is adjusted 
to 250 - 260''C ± 2 %. At the same time, the temperature 
and the rate of flow of the heat medium flowing tiirough 
the heat medium passage 5 in the vertical sleeve 7 are 
controlled by the reaction chamber cooling device H. 

The motor 9 is energized to rotate the susceptor 8 
and hence the sutistrate S supported is rotated thereon 
at high speed. Based on detected signals from tiie sen- 
sors and the encoder 1 7, the controller B supply control 
signals to the magnetic bearings 13. 15, 16 and the 
motor 9 to control the rotational speed and attitude of 
the susceptor 8. Since the rotor 1 1 is hollow, it is light in 
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weight and high in mechanical strength. The rotor 1 1 
can stably and smoothly be controlled on account of its 
low natural frequency. 

A thin film is deposited on the substrate S while the 
temperatures of the reaction chamber 3 and the sub- s 
strate S are being individually controlled and the sub- 
strate S is being smoothly rotated at high speed. 
Specifically, a metal material gas and an oxygen-con- 
taining gas such as ozone (O3) are introduced from the 
gas supply G through the gas inlet pipes 27 into the 10 
reactant gas ejector head 6, in which the gases are 
mixed together. The metal material gas and the oxygen- 
containing gas are then ejected from the reactant gas 
ejector head 6 through a nozzle (not shown) into the 
reaction chamber 3. In the reaction chamber 3, the is 
metal material gas and the oxygen-containing gas react 
with each other, producing molecules of a metal oxide 
such as barium titanate or strontium titanate. which are 
deposited as a thin film of metal oxide on the substrate 
S, which may be a semiconductor wafer. 20 

After the substrate S has been processed, the gate 
valve 36 is opened, and the arm of the substrate feed 
robot 40 enters into reaction chamber 3 and picks up 
the substrate S. The substrate feed robot 40 is retracted 
into the robot chamber 37, and the gate valve 36 is 2S 
closed. The gate valve 38 is opened, the substrate feed 
rolx5t 40 is retracted into the second chamber 39. and 
then the gate valve 38 is closed. The substrate S carried 
by the substrate feed robot 40 is unloaded. The sub- 
strate feed robot 40 picks up a new substrate S, carries 30 
the new substrate S through the robot chamber 37 into 
the reaction chamber 3, and then places the new sub- 
strate S on the susceptor 8. 

In the thin-film vapor deposition apparatus A^ . since 
the temperature off the inner wall of the reactor 1 and 35 
also the temperature of the vertical sleeve 7 are control- 
led, the temperature of the atmosphere in the reaction 
chamber 3 can be controlled to a nicety The tempera- 
ture of the substrate S is also accurately controlled 
because the substrate S is directly heated by the heater 40 
23. Accordingly, a high-quality thin film of a high dielec- 
tric constant material can smoothly and accurately be 
deposited on the substrate S though such a high dielec- 
tric constant material in a vapor phase needs to be kept 
in a very narrow temperature range and the gases react 45 
in a narrow temperature range. The thin film is depos- 
ited highly efficiently on the substrate S because the 
substrate S is rotated at high speed by the motor 9. 

Since the rotor 1 1 is hollow, light in weight, and has 
a lower natural frequency than if it were solid, the rotor so 
11 is resistant to abnormal vibration and can easily be 
controlled for its rotation. Inasmuch as the heater 23 is 
disposed in a space surrounded by the susceptor table 
20 behind the substrate S. the heater 23 is prevented 
from being contaminated by the gases in the reaction ss 
chamber 3 arxi also from contaminating the gases in the 
reaction chamber 3. Furthermore, an electric supply 
system including the electric wires 26 is relatively sim- 
ple and trouble-free because the heater 23 and the ther- 



mocouple 25 are not required to be electrically 
connected through slip rings. 

FIG. 3 shows a thin-film vapor deposition apparatus 
A2 according to a second embodiment of the present 
invention. 

The thin-film vapor deposition apparatus A2 accord- 
ing to the second embodiment differs from the thin-film 
vapor deposition apparatus A^ according to the first 
embodiment in that the heater 23 for heating the sub- 
strate S is vertically movable. Only those parts of the 
thin-film vapor deposition apparatus A2 according to the 
second emtxxliment which differ from those of the thin- 
film vapor deposition apparatus A^ according to the first 
embodiment will be described in detail below. 

A horizontal bolt support plate 51 is spaced down- 
wardly from a bottom plate 50 of the casing 10, and a 
plurality of vertical bolts 52 are rotatably supported 
between the bolt support plate 51 and the bottom plate 
50 by bearings 53. The vertical bolts 52 extend through 
a horizontal movable plate 55 disposed between the 
bolt support plate 51 and the bottom plate 50. One of 
the bolts 52 is held in threaded engagement with nuts 
54 fixedly supported on the horizontal movable plate 55. 
The bo^ 52 and the nuts 54 threadedly engage each 
other through balls, and hence jointly make up a ball 
screw mechanism which minimizes wear and play 
between the bolt 52 and the nuts 54. A drive motor 56 is 
mounted on a lower surface of the horizontal bolt sup- 
port plate 51 and has an output shaft 57 operatively 
connected through a power transmitting mechanism 58 
to the bolt 52 which threadedly engages the nuts 54. 
Therefore, when the drive motor 56 is energized, the 
movable plate 55 is vertically moved. A guide bar 52a 
an^anged between the bolt support plate 51 and the k)ot- 
tom plate 50 is for smoothly guiding the movable plate 
therealong. 

A bellows 35 is disposed between the movable 
plate 55 and the t>ottom plate 50 around the column 22 
for isolating the space in the casing 10 which communi- 
cates with the reaction chamber 3 from the ambient 

space. 

A vertical column 22 is mounted on the movable 
plate 55 and projects upwardly through the bottom plate 
50, the rotor 1 1 into the susceptor table 20. The vertical 
column 57 supports on its upper end the heater support 
24 which supports the heater 23 immediately below the 
substrate S. A thermocouple 25 for measuring the tem- 
perature of the heater 23 is positioned t>eneath the 
heater 23. The heater 23 and the thermocouple 25 are 
electrically connected to the substrate temperature con- 
troller 33 (see FIG. 2) through electric wires which 
extend through the vertical column 57. 

The heater support 24 has four substrate pusher 
pins 34 projecting upwardly for pushing the substrate S 
off the susceptor 8. 

The thin-film vapor deposition apparatus A2 oper- 
ates as follows: 

The process of depositing a thin film on the sub- 
strate S in the thin-film vapor deposition apparatus A2 is 
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the same as the process of depositing a thin film on the 
substrate S in the thin-fltm vapor deposition apparatus 
Ai . After one sut>strate S has been processed, the drive 
motor 56 is energized to lift the movable plate 55 and 
the heater si^^port 31 . The substrate pusher pins 34 are 5 
elevated to lift the substrate S off the susceptor 8. Then, 
the gate valve 36 (see FIG. 2) is opened, and the arm of 
the sut>strate feed rot>ot 40 enters into the gap between 
the si^^tor 8 and the substrate S. Then, the drive 
motor 56 is reversed to lower the movable plate 55. 
placing the substrate S on the arm of the sul>strate feed 
rokx>t 40. The substrate feed robot 40 is retracted into 
the robot chamber 37, and the gate valve 36 is closed. 
The gate valve 38 is opened, the substrate feed robot 
40 is retracted into the second chamber 39. and then 
the gate valve 38 is closed. The substrate S carried by 
the substrate feed robot 40 is unloaded. The substrate 
feed robot 40 carries a new substrate S, carries the new 
substrate S through the robot chamber 37 Into the reac- 
tion chamber 3, and then places the new substrate S on 
the susceptor 8. 

FIGS. 4 and 5 show a thin-film vapor deposition 
apparatus A3 according to a third emkx)diment of the 
present invention. 

The thin-film vapor deposition apparatus A3 accord- 
ing to the third embodiment differs from the thin-film 
vapor deposition apparatus A2 according to the second 
emtKxjiment in that the substrate pusher pins 34 are 
vertically movat^te independently of the heater 23. Only 
those parts of the thin-film vapor deposition apparatus 
A3 according to the third embodiment which differ from 
those of the thin-film vapor deposition apparatus A2 
according to the second embodiment will be described 
in detail below. 

A fixed plate 43 is attached to the lower end of the 
casing 10, and the column 22 extending vertically 
through the rotor 1 1 is mounted on the fixed plate 43. 
The heater support 24 is mounted on the upper end of 
the column 22. The movable plate 55 is vertically mova- 
bly connected to the bottom plate 50 through the baW 
screw mechanism. The movat)le plate 55 supports ther- 
eon a vertical cylindrical coupling 45 which extends 
upwardly through the fixed plate 43 and surrounds the 
column 22. The substrate pusher pins 34 are supported 
on the upper end of the vertical cylindrical coupling 45. 
The vertical cylindrical coupling 45 and the fixed plate 
43 have respective recesses defined therein in a region 
where they cross each other. These recesses allow the 
vertical cylindrical coupling 45 and the fixed plate 43 to 
avoid physical interference with other. 

The process of depositing a thin film on the sub- 
strate S in the thin-film vapor deposition apparatus A3 is 
the same as the proems of depositing a thin film on the 
substrate S in the thin-film vapor deposition apparatus 
A2. After the sulfate S has been processed, the 
heater 23 is not lifted, but only the sut^strate pusher pins 
34 are elevated. Since the heater 23 remains in a low 
position away from the suksstrate S, the heater 23 does 
not heat the arm 40a of the sut>strate feed rotK>t 40. 



Specifically, when one film deposition cycle is finished, 
the heater 23 is turned off. However, since the tempera- 
ture of the heater 23 is not quickly lowered, the heater 
23 would tend to heat the arm 40a of the substrate feed 
robot 40 if the heater 23 were lifted together with the 
SLA)strate pusher pins 34. According to the third emt>od- 
iment, inasnnjch as the heater 23 remains in its low 
position away from the sut>strate S when the substrate 
pi^her pins 34 are lifted, the arm 40a of the substrate 
feed robot 40 is not unduly heated by the heater 23. 

FIG. 6 shows a thin-film vapor deposition appsu^tus 
A4 according to a fourth emtxxjiment of the present 
invention. 

The tfiin-f ilm vapor deposition apparatus A4 accord- 
ing to the fourth embodiment of the present invention 
differs from the thin-film vapor deposition apparatus A2 
according to the second embodiment of the present 
invention in that the thin-film vapor deposition apparatus 
A4 has no substrate pusher pins and controls the tem- 
perature of the substrate S by vertically moving the 
heater support 24. In the thin-film vapor deposition 
af^aratus A4. the temperature of the substrate S is con- 
trolled at 550*C ± 1 %, for example, by the substrate 
temperature controller 33 (see FIG. 2). as follows: First, 
the suk)strate temperature controller 33 supplies the 
heater 23 with such an electric current that the temper- 
ature of the surface of the heater 23 is of a constant 
value which is higher than 550*C by a certain value. The 
temperature of the surface of the heater 23 may be con- 
trolled through feedt>ack control based on the tempera- 
ture of the heater 23 measured by the thermocouple 25 
or may simply be set to the desired value which has 
been determined in advance depending on the charac- 
teristics of the heater 23. 

Thereafter, the temperature in the vicinity of the sur- 
face of the sut)Strate S is measured by the thermocou- 
ple 25, and compared with a predetermined value. If the 
measured temperature is higher than the predeter- 
mined value, then the drive motor 56 is energized to 
lower the heater 23. If the measured temperature is 
lower than the predetermined value, then the drive 
motor 56 is energized to lift the heater 23. At this time, if 
the electric current supplied to the heater 23 is judged 
as being excessively large in view of the relative posi- 
tional relationship of the substrate S and the heater 23, 
then the electric current may also be controlled at the 
same time. In the above illustrated embodiment, the 
measured tennperature of the thermocouple 25 is used 
as a parameter. Another parameter, e.g., the progres- 
sive state of the reaction in the reaction chancer 3 may 
be used as a parameter instead of or together with the 
measured temperature of the thermocouple 25. 

In order to control the temperature of reaction 
gases in the reaction chamber 3. the temperature and 
the rate of flow of the heat medium flowing through the 
heat medium passage 5 in the reactor 1 are controlled 
by the reaction chamber heating device F (see FIG. 2). 
In this manner, the tenperature of the inner wall of the 
reactor 1 is controlled to be within a range of 250 ~ 
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260*C ± 2 %. for example. 

The motor 9 is energized to rotate the susceptor 8 
and hence the substrate S supported thereon at high 
speed. Based on detected signals from the sensors and 
the encoder 1 7, the controller B supply control signals to s 
the magnetic bearings 13. 15. 16 and the motor 9 to 
control the rotational speed and attitude of the suscep- 
tor 8. Since the rotor 1 1 is hollow, it Is light in weight and 
high in mechanical strength. The rotor 1 1 can stably and 
smoothly be controlled on account of its low natural fre- io 
quency. 

A thin film Is deposited on the substrate S while the 
temperatures of the reaction chamber 3 and the sub- 
strate S are being individually controlled and the sub- 
strate S is being smoothly rotated at high speed. The 75 
heater 23, when energized, heats the lower surface of 
the substrate S by way of radiation. Because the 
amount of heat applied from the heater 23 to the sub- 
strate S varies largely depending on the distance 
between the heater 23 and the substrate S, the temper- 20 
ature of the substrate S can be controlled more quickly 
and strictly than if only the temperature of the heater 23 
were controlled. The strict temperature control of the 
substrate S allows high<|uality thin films of a high die- 
lectric constant material to be produced with a high yield 25 
though the high dielectric constant material in a vapor 
phase needs to be kept in a narrow temperature range. 

Although certain prefered embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 30 
modifications may be made therein without departing 
from the scope of the appended claims. 

It should be noted that the objects and advantages 
of the invention may be attained by means off any com- 
patible combination(s) particularly pointed out in the 35 
items off the following summary of the invention and the 
appended claims. 

SUMMARY OF THE INVENTION 

40 

1 . A thin-film vapor deposition apparatus compris- 
ing: 

a reaction chamber for holding therein a sub- 
strate in an atmosphere isolated from an ambi- 45 
ent atmosphere: 

reaction chamber temperature control means 
for adjusting the temperature of an inner wall of 
saki reaction chamber to control the tempera- 
ture of the atmosphere in the reaction cham- so 

ber; 

substrate rotating means for rotating the sub- 
strate at a high speed in said reaction cham- 
ber: 

substrate temperature control means for con- ss 
trolling the temperature of the substrate: 
reactant gas supply means for ejecting reac- 
tant gases required to deposit a thin film on the 
substrate toward the substrate; and 



discharge means for discharging gases out of 
said reaction chamber. 

2. A thin-film vapor deposition 

wherein said substrate rotating means com- 
prises a motor having a stator and a hollow rotor 
rotatably supported with magnetic bearings and 
having an end projecting into said reaction cham- 
ber, further comprising substrate support means 
mounted on sakJ end of the rotor for supporting the 
substrate. 

3. A thin-film vapor deposition apparatus 

wherein said substrate temperature control 
means comprises a column extending through said 
hollow rotor and a heater mounted on an end of 
said column in confronting relationship to the sub- 
strate. 

4. A thin-film vapor deposition apparatus 

wherein said substrate support means com- 
prises means for supporting the substrate while at 
least a portion of a reverse side of the substrate 
remote from said reactant gas supply means is 
being exposed. 

5. A thin-film vapor deposition apparatus compris- 
ing: 

a reaction chamber for holding therein a sub- 
strate in an atmosphere isolated from an ambi- 
ent atmosphere; 

a substrate support member for sipporting the 
substrate in sakJ reaction chamber: 
reactant gas supply means for ejecting reac- 
tant gases required to deposit a thin film on the 
substrate toward the substrate; 
discharge means for discharging gases out of 
said reaction chamber; 

substrate rotating means for rotating the sub- 
strate at a high speed in said reaction chamber, 
said sut>strate rotating means having a hollow 
rotor; and 

a substrate pusher member disposed in con- 
fronting relation to a reverse side of the sub- 
strate remote from said reactant gas supply 
means, for pushing the substrate off said sub- 
strate support member. 

6. A thin-film vapor deposition apparatus 

further comprising a coupling extending 
through said hollow rotor, said substrate pusher 
member being supported on an inner end off sakJ 
coupling within sakJ reaction charrber. and an actu- 
ating mechanism mounted on an outer end of said 
coupling outside of said reaction chamber for verti- 
cally moving said coupling. 

7. A thin-film vapor deposition apparatus 
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further comprising a heater disposed in con< 
fronting relation to said reverse side of the sub- 
strate, for heating the substrate. 

8. A thin-film vapor deposition apparatus s 

wherein said heater and said substrate 
pusher member are cx)nnected for vertical move- 
ment in unison vwth each other. 

9. A thin-film vapor deposition apparatus io 

wherein said actuating mechanism com- 
prises a feed screw mechanism. 



10. A thin-f ilm vapor deposition apparatus 

wherein said actuating mechanism includes 
a covering member covering said coupling and flex- 
ible upon vertical movement of said coupling, said 
covering member isolating a space communicating 
with said reaction chamber from the ambient 
atmosphere. 

1 1 . A thin-film vapor deposition apparatus compris- 
ing: 

a reaction chamber for holding therein a sub- 
strate in an atmosphere isolated from an ambi- 
ent atmosphere; 

a substrate support member for supporting the 

sut^strate in said reaction chamber; 

reactant gas supply means for ejecting reac- 

tant gases required to deposit a thin film on the 

substrate toward the substrate; 

discharge means for discharging gases out of 

said reaction chamber; 

substrate rotating means for rotating the sub- 
strate at a high speed in said reaction chamber, 
said substrate rotating means having a hollow 
rotor; and 

a heater moving mechanism for vertically mov- 
ing the heater, said heater moving mechanism 
supporting said heater through said hollow 
rotor. 

12. A thin-film vapor deposition apparatus 

wherein said substrate support member 
comprises means for supporting the substrate 
while at least a portion of a reverse side of the sub- 
strate remote from said reactant gas supply means 
is t>eing exposed. 

13. A thin-film vapor deposition apparatus 

wherein said heater moving mechanism 
comprises a feed screw mechanism. 

14. A thin-film vapor deposition apparatus 

wherein said heater moving mechanism 
includes a covering member covering an opening 
between said hollow rotor and said heater moving 
mechanism and flexible upon vertical movement of 
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said heater, said covering member isolating a 
space in said hollow rotor from the ancient atmos- 
phere. 

15. A thin-film vapor deposition apparatus 

further comprising reaction temperature 
adjusting means disposed in said reaction chamber 
for adjusting the temperature of an inner wall of the 
reaction chamber. 

Claims 

1 . A thin-f ilm vapor deposition apparatus comprising: 

a reaction chamber for holding therein a sub- 
strate in an atmosphere isolated from an ambi- 
ent atmosphere; 

reaction chamber temperature control means 
for adjusting the temperature of an inner wall of 
said reaction chamber to control the tempera- 
ture of the atmosphere in the reaction cham- 
ber; 

sut>strate rotating means for rotating the sub- 
strate at a high speed in said reaction cham- 
ber; 

substrate temperature control means for con- 
trolling the temperature of the substrate: 
reactant gas supply means for ejecting reac- 
tant gases required to deposit a thin film on the 
substrate toward the substrate; and 
discharge means for discharging gases out of 
said reaction chamber. 

2. A thin-film vapor deposition apparatus according to 
daim 1. wherein said substrate rotating means 
comprises a motor having a stator and a hollow 
rotor rotatably supported with magnetic bearings 
and having an end projecting into said reaction 
chamber, further comprising substrate support 
means mounted on said end of the rotor for sup- 
porting the sut>strate. 

3. A thin-film vapor deposition apparatus according to 
claim 1 , wherein said substrate temperature control 
means comprises a column extending through said 
hollow rotor and a heater mounted on an end of 
said column in confronting relationship to the sub- 
strate. 

4. A thin-film vapor deposition apparatus according to 
daim 1, wherein said sut)strate support means 
comprises means for supporting the substrate 
while at least a portion of a reverse side of the sub- 
strate remote from said reactant gas supply means 
is being exposed. 

5. A thin-film vapor deposition apparatus comprising: 

a reaction chamber for holding therein a sut>- 
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strate in an atmosphere isolated from an ambi- 
ent atmosphere; 

a substrate support member for supporting the 

substrate in said reaction chamber; 

reactant gas supply means for ejecting reac- s 

tant gases required to deposit a thin film on the 

substrate toward the substrate; 

discharge means for discharging gases out of 

said reaction chamber; 

substrate rotating means for rotating the sub- w 
strate at a high speed in said reaction chamber, 
said substrate rotating means having a hollow 
rotor; and 

a substrate pusher member disposed in con- 
fronting relation to a reverse side of the sub- is 
strate remote from said reactant gas supply 
means, for pushing the substrate off said sub- 
strate support member. 

6. A thin-film vapor deposition apparatus according to 20 
claim 5. further comprising a coupling extending 
through said hollow rotor, said substrate pusher 
member being supported on an inner end of said 
coupling within said reaction chamber, and an actu- 
ating mechanism mounted on an outer end of said 2S 
coupling outside of said reaction chamber for verti- 
cally moving said coupling. 

7. A thin-film vapor deposition apparatus according to 
claim 5. further comprising a heater disposed in 30 
confronting relation to said reverse side of the sub- 
strate, for heating the substrate. 



strate at a high speed in said reaction chamber, 
said substrate rotating means having a hollow 
rotor; and 

a heater moving mechanism for vertically mov- 
ing the heater, said heater moving mechanism 
supporting said heater through said hollow 
rotor. 

10. A thin-film vapor deposition apparatus according to 
claim 11. wherein said substrate support member 
comprises means for supporting the substrate 
while at least a portion of a reverse side of the sub- 
strate remote from said reactant gas supply means 
is being exposed. 

wherein in particular said heater moving 
mechanism comprises a feed screw mechanism. 

wherein in particular said heater moving 
mechanism includes a covering-member covering 
an opening between said hollow rotor and said 
heater moving mechanism and flexible upon verti- 
cal movement of said heater, said covering member 
isolating a space in said hollow rotor from the ambi- 
ent atmosphere, and 

wherein in particular further comprising 
reaction temperature adjusting means disposed in 
said reaction chamber for adjusting the tempera- 
ture of an Inner wall of the reaction chamber. 



8. A thin-film vapor deposition apparatus according to 
claim 7, wherein said heater and said substrate 35 
pusher member are connected for vertical move- 
ment in unison with each other. 

wherein in particular said actuating mecha- 
nism comprises a feed screw mechanism, and 

wherein in particular said actuating mecha- 40 
nism includes a covering member covering said 
coupling and flexible upon vertical movement of 
said coupling, said covering member isolating a 
space communicating with said reaction chamber 
from the ambient atmosphere. 45 

9. A thin-film vapor deposition apparatus comprising: 

a reaction chamber for holding therein a sub- 
strate In an atmosphere Isolated from an ambi- so 
ent atmosphere; 

a substrate support member for supporting the 
substrate in said reaction chamber; 
reactant gas supply means for ejecting reac- 
tant gases required to deposit a thin film on the ss 
substrate toward the substrate; 
discharge means for discharging gases out of 
said reaction chamber; 

substrate rotating means for rotating the sub- 
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